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955 L'ENFANT PLAZA NORTH, S.W. WASHINGTON, D. C. 20024 B 7 0  03063 

SUBJECT: R e v i e w  of Skylab Program I / C  
Panel  I n t e r f a c e  Control  
Documents - Case 6 2 0  

MEMORANDUM FOR FILE 

A. General  

~~ 

DATE: March 20., 1970 

A. G .  Weygand 

The Marsha l l  Space F l i g h t  Center  (MSFC) approved 
d r a f t s  of  t h e  fo l lowing  in s t rumen ta t ion  and communications ( I / C )  
i n t e r f a c e  c o n t r o l  documents ( I C D ' s )  p repared  f o r  t h e  Skylab 
Program I / C  Panel  are reviewed i n  t h i s  memorandum. 

( a )  I C D  50M16132, O r b i t a l  Assembly TV System Requirements,  
February 2 6 ,  1970. 

(b )  I C D  50M13146, Anc i l l a ry  Equipment t o  Sa tu rn  Workshop, 
In s t rumen ta t ion  and Communications I n t e r f a c e ,  
February 26, 1970. 

The a n c i l l a r y  equipment t o  t h e  Skylab I whose I / C  i n t e r f a c e s  
wi th  Skylab I are covered i n  I C D  50M13146 i n c l u d e s  t h e  crewman's 
communication umbilical ( C C U ) ,  t h e  e x t r a v e h i c u l a r  a c t i v i t y / i n t r a -  
v e h i c u l a r  a c t i v i t y  (EVA/IVAJ  cable ,  and t h e  p o r t a b l e  color 
t e l e v i s i o n  (TV)  camera/monitor/cable assembly. A copy of  t h e s e  
t w o  ICD'S can  be made a v a i l a b l e  t o  t h o s e  i n t e r e s t e d  by t h e  
w r i t e r .  

The s t a t e d  purpose of I C D  50M16132 i s  t o  e s t a b l i s h  
t h e  f u n c t i o n a l  requirements  of t h e  TV system of  Skylab I and t h a t  
of I C D  50M13146 i s  t o  e s t a b l i s h  t h e  f u n c t i o n a l  i n t e r f a c e s  between 
t h e  CCU and Skylab I and between t h e  EVA/IVA c a b l e  and Skylab I 
as w e l l  as t h e  f u n c t i o n a l ,  e lec t r ica l ,  and mechanical i n t e r f a c e s  
between t h e  p o r t a b l e  c o l o r  TV camera/monitor/cable assembly and 
Skylab  I. I t  i s  t h e  opin ion  of  t h e  w r i t e r  t h a t  c i r c u i t  impedance, 
f requency  response ,  i s o l a t i o n ,  and s i g n a l  level  requi rements  are  
n o t  f u n c t i o n a l  r equ i r emen t s  b u t  are r a t h e r  e l ec t r i ca l  pa rame t r i c  
requi rements .  I t  i s  suggested t h a t  t h e s e  requirements  on t h e  TV 
sys tem o f  Skylab I conta ined  i n  I C D  50M16132 and on t h e  i n t e r -  
faces between t h e  CCU and Skylab I and between t h e  EVA/IVA c a b l e  
and Skylab I i n  I C D  50M13146 be d e l e t e d  o r  t h a t  t h e  s t a t e d  scope 
o f  t h e s e  I C D ' s  be expanded t o  i n c l u d e  e l e c t r i c a l  pa rame t r i c  
requi rements  as w e l l  as f u n c t i o n a l  requirements .  I n  t h e  opin ion  
of  t h e  w r i t e r ,  t h e  e l e c t r i c a l  p a r a m e t r i c  requirements  on t h e  TV 
sys tem of t h e  OA should  be d e l e t e d  from I C D  50M16132 and be 
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included as appropriate in the following ICD's: 

(a) ICD 50M13146: 

(b) ICD 50M13125, Command and Service Module to Multiple 
Docking Adapter, Instrumentation and Communications 
Interface: 

(c) ICD 50M13122, Multiple Docking Adapter to Airlock 
Module, Instrumentation and Communications Interface, 
and 

(d) ICD 50M16131, Apollo Telescope Mount to Airlock 
Module, Instrumentation and Communications Interface. 

Also it is recommended that the stated scope of ICD 50M13145 be 
expanded to include electrical parametric requirements for the 
communications interfaces between Skylab I and the CCU and 
EVA/IVA cable. 

Specific comments by the writer on the content of 
ICD's 50M16132 and 50M13146 are presented in sections B and C, 
respectively. These comments are referenced to the numbered 
sections of the particular ICD to which they apply. These 
comments ignore the general question of whether or not the 
requirements are functional requirements. 

B. Orbital Assembly TV System Requirements (ICD 50M16132) 

3.1 Signal Distribution Network: Selection and Conditioninq 
Equipment 

In order to minimize the complexity of intermodule I/C 
interfaces, it is desirable to avoid provision of video signal 
conditioning at intermediate points between the source of the 
video signal (either the closed circuit TV system of the Apollo 
Telescope Mount or the portable color TV camera used in Skylab I) 
and the input to the premodulation processor (PMP) of the Command 
and Service Module (CSM). In the original proposal by the 
Manned Spacecraft Center (MSC) to provide transmission to the 
Manned Space Flight Network (MSFN) of video signals from a 
portable color TV camera, MSC estimated that no conditioning of 
the video signal output from the camera would be required with 
the maximum coax cable lengths (up to 150 feet) expected to be 
used between the camera being used in Skylab I and the PMP in the 
CM. This proposal assumed that the portable color TV camera used 
for this application would be obtained from the Apollo Program 
and be refurbished after use on an Apollo mission. In addition, 
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a t  t h e  C l u s t e r  Systems Design R e v i e w ,  he ld  d u r i n g  December, 1 9 6 9 ,  
M r .  J. Ather ton ,  MSFC/S&E-ASTR-I, i n d i c a t e d  t h a t  s i g n a l  c o n d i t i o n i n g  
and d r i v e  c i r c u i t r y  would be included wi th  a sync adder  i n .  each of 
t h e  t w o  v ideo  s e l e c t i o n  coax swi tches  of t h e  Apollo Telescope 
Mount (ATM) c losed  c i r c u i t  TV system f o r  p rocess ing  of t h a t  v ideo  
s i g n a l  s e l e c t e d  f o r  r o u t i n g  t o  t h e  s i g n a l  d i s t r i b u t i o n  network of 
Skylab I. Consequently,  no s i g n a l  c o n d i t i o n i n g  equipment appea r s  
t o  be r e q u i r e d  wi th  t h e  s i g n a l  s e l e c t i o n  equipment i n  t h e  M u l t i p l e  
Docking Adapter (MDA). 

3 . 1 . 1  S i s n a l  D i s t r i b u t i o n  Network 

3.1.1.1 ATM TV S i g n a l s  

S ince  92  ohm video  c a b l e  w i l l  be used t o  r o u t e  TV 
s i g n a l s  from t h e  s i g n a l  s e l e c t i o n  equipment i n  t h e  MDA t o  t h e  CSM 
a s  w e l l  a s  from t h e  p o r t a b l e  TV camera t o  t h e  s i g n a l  s e l e c t i o n  
equipment i n  t h e  MDA, it i s  suggested t h a t  t h e  two TV s i g n a l s  from 
t h e  ATM TV system be rou ted  t o  t h e  s i g n a l  s e l e c t i o n  equipment i n  
t h e  MDA over 92  ohm v i d e o  c a b l e s .  Any impedance matching r e q u i r e d  
between t h e  75 ohm video  coax swi t ches  of t h e  ATM TV system and 
t h e  92  ohm video  c a b l e s  could  be provided by t h e  s i g n a l  c o n d i t i o n i n g  
and d r i v e  c i r c u i t r y  added t o  t h e  ATM v ideo  coax swi tches .  

3.1.1.3 SWS Output TV S igna l s  

It  should be noted i n  t h i s  s e c t i o n  t h a t  t h e  v ideo  s i g n a l  
p r e s e n t e d  a t  t h e  CSM/MDA i n t e r f a c e  should be b i a s e d ,  nominal ly  
ex tend ing  from minus 0 .75  v o l t s  t o  p l u s  2.75 v o l t s .  The 
f requency  response  requirements  f o r  t h i s  s i g n a l  should a l so  be  
inc luded  i n  t h i s  s e c t i o n .  

3.1.2 S e l e c t i o n  and Condi t ion ing  Equipment 

See t h e  comments on s e c t i o n  3 . 1 .  

3.1.3 TV InDut S t a t i o n s  

A requirement  should be included t o  provide  t h e  
c a p a b i l i t y  t o  o p e r a t e  t h e  p o r t a b l e  TV camera w i t h i n  t h e  CM and t o  
t r a n s m i t  t h e  r e s u l t i n g  v i d e o  s i g n a l  t o  t h e  MSFN. This  c a p a b i l i t y  
should  be  provided f o r  use  d u r i n g  p e r i o d s  when t h e  CSM i s  
s e p a r a t e d  from Skylab I such 
a s  when t h e  CSM i s  docked t o  

3.1.3.3 Bus Connections 

a s  d u r i n g  CSM/SWS rendezvous a s  w e l l  
Skylab I. 

The v ideo  bus need 
s t a t i o n  l o c a t e d  i n  t h e  CM. 

no t  connect  through t h e  TV i n p u t  
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3.1.3.4 S t a t i o n  Locat ions 

The s p e c i f i c  l o c a t i o n s  of t h e  TV i n p u t  s t a t i o n s  f o r  t h e  
p o r t a b l e  TV camera and t h e  s p e c i f i c  l e n g t h  of t h e  u m b i l i c a l  
c a b l e  a s s o c i a t e d  wi th  t h i s  camera should no t  be s p e c i f i e d  i n  a 
f u n c t i o n a l  requi rements  document. It i s  sugges ted  t h a t  Table  1 
be r e p l a c e d  by a l i s t i n g  of t h e  u s e  and du ty  c y c l e  requi rements  
f o r  t h e  p o r t a b l e  TV camera, such a s  t o  suppor t  s p e c i f i c  exper iments ,  
t o  view t h e  ATM c o n t r o l  and d i s p l a y  pane l ,  e tc .  From t h e s e  
r equ i r emen t s ,  t r a d e  o f f s  can be made between TV i n p u t  s t a t i o n  
loca t ions  and t h e  l e n g t h  of t h e  TV camera u m b i l i c a l .  The r e s u l t s  
of t h e s e  t r a d e  s t u d i e s  on t h e  l e n g t h  of t h e  TV camera u m b i l i c a l  
should t h e n  be  inc luded  i n  t h e  I C D  50M13146. The du ty  c y c l e  
requi rements  a r e  necessary  t o  conduct  CSM power usage and thermal  
c o n t r o l  s t u d i e s  s i n c e  t r ansmiss ion  of TV s i g n a l s  from t h e  CSM 
r e q u i r e s  t h e  use  of an  S-band power  a m p l i f i e r  o p e r a t i n g  i n  t h e  
h i g h e r  power mode. 

3.2 TV C a m e r a  and Mounts 

3 .2 .1  ATM TV C a m e r a s  

To  be c o n s i s t e n t  w i t h  s e c t i o n  3.1.1.3,  t h e  e l e c t r i c a l  
c h a r a c t e r i s t i c s  of t h e  v ideo  s i g n a l  o u t p u t  from t h e  two ATM 
v ideo  switch/sync adde r s  w h i c h  w i l l  be rou ted  t o  t h e  s i g n a l  
d i s t r i b u t i o n  network should be inc luded  i n  t h i s  s e c t i o n .  See 
comments on s e c t i o n  3.1.1.3. 

3.2.2 P o r t a b l e  TV Camera 

A n o t e  should be included i n  t h i s  s e c t i o n  t h a t  t h e  
p o r t a b l e  c o l o r  TV cameras used  i n  t h e  Skylab Program w i l l  be 
r e f u r b i s h e d  ( o r  new, a s  t h e  case  may be)  cameras used i n  t h e  C M ' s  
of t h e  Apollo Program. 

3.2.2.3 Monitor 

Each of t h e  p o r t a b l e  c o l o r  TV cameras used i n  t h e  C M ' s  
of t h e  Apollo Program w a s  provided wi th  a d e t a c h a b l e  b l ack  and 
w h i t e  monitor  which could  be ope ra t ed  up t o  3 f e e t  from t h e  
camera. This  monitor se rved  a s  a view f i n d e r  f o r  t h e  crewman 
o p e r a t i n g  and p o i n t i n g  t h e  camera. I f ,  a s  i n  t h e  Apollo Program, 
t h e  o n l y  f u n c t i o n  of t h e  monitor provided w i t h  each camera t o  be 
used i n  t h e  Skylab Program i s  t o  permi t  a iming,  f o c u s i n g ,  and 
ad jus tmen t  of t h e  camera, i n c r e a s i n g  t h e  d i s t a n c e  from t h e  
camera at which t h e  monitor may o p e r a t e  from 3 t o  1 2  f e e t  does 
n o t  s e e m  j u s t i f i e d .  S ince  the  i n p u t  l e a d s  t o  t h i s  h igh  i n p u t  
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impedance monitor  w i l l  be br idged a c r o s s  t h e  o u t p u t  l e a d s  of t h e  
TV camera, t h e  a d d i t i o n a l  c a b l e  l e n g t h  between t h e  camera and 
t h e  monitor  may r e s u l t  i n  some degrada t ion  of t h e  o u t p u t  v ideo  
s i g n a l  from t h e  camera which w i l l  be  e v e n t u a l l y  t r a n s m i t t e d  t o  
t h e  MSFN. 

3.2.2.5 Environment 

The p o r t a b l e  c o l o r  TV cameras used i n  t h e  C M ' s  of t h e  
Apollo Program and t o  t h e  w r i t e r ' s  knowledge a l s o  t o  be used i n  
t h e  Skylab Program have n o t  been designed t o  o r  been t e s t e d  f o r  
o p e r a t i o n  i n  a vacuum environment which would e x i s t  i f  one of  
t h e s e  cameras were t o  be used e x t e r n a l  t o  Skylab I by crewmen 
performing EVA. To t h e  wri ter ' s  knowledge, t h e r e  i s  no f i r m  
requi rement  now e x i s t i n g  i n  t he  Skylab Program which d i c t a t e s  
p r o v i s i o n  of a p o r t a b l e  color TV camera which i s  capab le  of 
o p e r a t i o n  i n  space  e x t e r n a l  t o  Skylab I. 

3.2.2.6 E l e c t r i c a l  Connect ions  

See comments on s e c t i o n  3.1.3.4. 

3.3 TV Transmission 

3.3.1 CSM Transmission System I n p u t s  

A s  noted i n  t h e  comments on s e c t i o n  3.1.3,  t h e  
f u n c t i o n a l  requirement  t h a t  t h e  CSM s h a l l  be capab le  of  a c c e p t i n g  
i n p u t s  t o  t h e  t r ansmiss ion  system d i r e c t l y  through t h e  u m b i l i c a l  
of t h e  p o r t a b l e  c o l o r  TV camera when used i n  t h e  CM should be 
inc luded  i n  t h i s  ICD.  

It w a s  shown i n  MSC/SESD Document 21-117 ,  "Wide-Band 
T e l e v i s i o n  T e s t  Repor t" ,  da ted  February 4 ,  1 9 6 9 ,  p repared  by t h e  
Lockheed E l e c t r o n i c s  Company t h a t  t h e  bandwidth of a v ideo  s i g n a l  
t r a n s m i t t e d  by t h e  S-band FM t r a n s m i t t e r  of t h e  CSM w i l l  be  
l i m i t e d  t o  approximately 2 MHz by t h e  a s s o c i a t e d  F M  modulator.  
Consequent ly ,  it appears  t h a t  t h e  v ideo  s i g n a l  p re sen ted  t o  t h e  
i n p u t  t o  t h e  CSM t r ansmiss ion  system from t h e  SWS need no t  have 
a f requency  response  of p l u s  o r  minus 0.25dB from 0 t o  4 MHz and 
t h a t  a lesser bandwidth requirement  should s u f f i c e  such as 0 t o  
2.5 MHz.  

A d d i t i o n a l  Comments on ICD 50M16132 

A s  i n d i c a t e d  e a r l i e r  i n  t h e  comments on s e c t i o n  
3.1.3.4,  it i s  t h e  op in ion  of t h e  w r i t e r  t h a t  t h e  requi rements  
f o r  suppor t  from t h e  p o r t a b l e  c o l o r  TV camera wi th  t h e  CSM 
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transmission system and from the ATM TV cameras with the CSM 
transmission system should be specified in detail so that it 
will be possible to determine the duty cycle of the CSM 
transmission system required for the transmission of video 
signals from Skylab I to the MSFN. 

If the decision is made to include electrical 
parametric requirements, it is recommended that a new section 
be added to this ICD that would be devoted to electromagnetic 
compatibility requirements. 

C. Ancillary Equipment to Saturn Workshop I/C Interface 
(ICD 50M13146) 

3.0 T-Adapter to CCU Interface 

3.1 Functional 

3.1.1 Headset Assembly to CCU 

In addition to the power line interface, the microphone 
line interface and earphone line interface included in the overall 
headset assembly to the CCU interface, there exists in the overall 
headset assembly to CCU interface a push-to-talk (PTT) line inter- 
face and a caution and warning system (CWS) tone line interface. 
These two additional functional interfaces should be specified 
in this ICD to the same degree as the power line, microphone line, 
and earphone line interfaces are specified. 

3.1.3 CCU Commonalitv 

As currently planned by MSFC, the CCU of a crewman to 
be used in the Skylab I will differ functionally from the CCU 
of that crewman to be used in the CM in one respect; namely, the 
CCU to be used in Skylab I will be provided with a volume control 
in the headset lines. The existence of this volume control is 
shown in Figure la of this ICD. It is not clear to the writer 
that this design difference between the two CCU's of each crew- 
man is now acceptable to the crew. At meetings of the Audio 
Working Group of the Skylab I/C Panel in 1969, Mr. B. McCandless 
of MSC, representing the flight crew, indicated that the crew 
desired that the two CCU's be identical and not be provided with 
a volume control. 

5.0 Portable TV Camera Assembly to SWS Interface 

5.1 Functional 

The majority of the requirements contained in this 
section such as power supply characteristics (voltage, current, 
and ripple) and TV camera output characteristics (impedance, 
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v o l t a g e ,  and bandwidth) appear  t o  be e l e c t r i c a l  pa rame t r i c  
requi rements  r a t h e r  t han  f u n c t i o n a l  requi rements .  

5 .1 .1  DC Power 

The f u n c t i o n a l  requirement  t h a t  t h e  p o r t a b l e  TV 
camera/monitor/cable assembly s h a l l  o p e r a t e  from power supp l i ed  
through t h e  TV i n p u t  s t a t i o n s  f r o m  t h e  module (MDA, AM, or OWS) 
i n  which t h e  TV i n p u t  s t a t i o n  i s  l o c a t e d  should be inc luded  i n  
t h i s  s e c t i o n .  

5.1.2 Video S i g n a l s  

5.1.2.5 S i a n a l  Ground 

A requi rement  t o  i s o l a t e  t h e  s i g n a l  r e t u r n  ( c o a x i a l  
s h i e l d )  of t h e  v ideo  bus connec t ing  t h e  p o r t a b l e  TV camera t o  
t h e  CSM/MDA i n t e r f a c e  from t h e  s t r u c t u r e  of t h e  Skylab I i s  
inc luded  i n  I C D  50M16132 w h i c h  s p e c i f i e s  t h e  f u n c t i o n a l  
requi rements  f o r  t h e  TV system of Skylab I. This  requirement  
w a s  presumably inc luded  i n  I C D  50M16132 t o  p rec lude  t h e  
i n t r o d u c t i o n  of  i n t e r f e r e n c e  on t h e  v i d e o  s i g n a l  through ground 
l o o p s  which would be c r e a t e d  by grounding t h e  s i g n a l  r e t u r n  a t  
p l a c e s  o t h e r  t han  i n  t h e  PMP of t h e  CSM. 

I n  t h i s  s e c t i o n  of I C D  50M13146, it i s  s p e c i f i e d  t h a t  
t h e  s i g n a l  r e t u r n  s h a l l  be grounded t o  t h e  camera case. Unless 
t h e  p a n - t i l t  b r a c k e t r y  provided t o  f i x  mount t h e  camera a t  
s e l e c t e d  l o c a t i o n s  i n  Skylab I and t h e  p o r t a b l e  camera mount 
a t t a c h a b l e  t o  t h e  g r i d  f l o o r  of t h e  OWS provide  e l e c t r i c a l  
i s o l a t i o n  between t h e  camera c a s e  and t h e  s t r u c t u r e  of Skylab I ,  
t h e  s i g n a l  r e t u r n  t o  t h e  p o r t a b l e  TV camera w i l l  be e f f e c t i v e l y  
grounded t o  t h e  s t r u c t u r e  of  Skylab I a t  t h e  camera end of t h e  
v i d e o  bus a s  w e l l  as a t  t h e  PMP i n  t h e  CSM. This  appa ren t  
c o n f l i c t  i n  requi rements  conta ined  i n  t h e  two I C D ' s  should be 
r e so lved .  I f  t h e  camera mounting b r a c k e t r y  i s  r e q u i r e d  when 
used t o  p rov ide  e lectr ical  i s o l a t i o n  of t h e  camera from t h e  
Skylab I s t r u c t u r e ,  t h i s  requirement  should be inc luded  i n  t h i s  
I C D .  

5 .3  Mechanical 

5 .3 .1  P o r t a b l e  TV Camera Assembly 

The l e n g t h  of t h e  TV camera u m b i l i c a l  should be 
s p e c i f i e d  i n  t h i s  s e c t i o n .  
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Additional Comments on I C D  50M13146 

Another subsection should be added to section 5.0 to 
cover the electromagnetic compatibility requirements on the 
portable TV camera assembly to Skylab I interface. If the 
decision is made to include electrical parametric requirements 
on the CCU to Skylab I and EVA/IVA cable to Skylab I interfaces 
in this ICD, it is recommended that a new subsection be added 
to that section covering each respective interface that would 
be devoted to electromagnetic compatibility requirements on that 
interface. 

2034-AGW-mbr 
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